Two experiments were conducted to evaluate the influence of supplemental aminooligosaccharides (AOS) on the disappearance and fermentation of diets for lactating cows, and its effects on milk yield and quality. In the first study, diets containing 0 or 0.2% AOS (dry matter basis) were incubated for 24, 48 and 72 h with ruminal fluid to evaluate the in vitro dry matter disappearance (IVDMD) and fermentation characteristics. The addition of AOS improved IVDMD of diets, induced higher total bacterial and cellulolytic bacterial counts and decreased the number of bacteria that produce lactate compared to the control. At 24 h incubation, AOS increased volatile fatty acid concentrations and the molar proportion of propionate, though at 48 and 72 h incubation AOS did not affect the fermentation characteristics of the diets. In a further experiment, milk yield and milk quality were evaluated using 50 Holstein dairy cows (193 days in milk). Cows were randomly assigned to the diets tested in the in vitro study. Feed intake was not modified by AOS. Milk yield of cows fed AOS was significantly higher than that of cows not supplemented. Because AOS tended to decrease the percentage of fat in milk, fat and solid-corrected milk content were similar for the two treatments. Percentage and yield of non-fat solids, protein and lactose, and the somatic cell count in milk were not affected by AOS. The milk urea-N concentration of the cows fed AOS was lower than of those not supplemented. Supplementing AOS enhanced the disappearance and fermentation characteristics of the diet. Further studies with cows earlier in lactation are necessary to evaluate the effects of AOS on milk yield and milk components.
Introduction
Antibiotics and hormones have been used in dairy cows in order to improve productivity and to protect them against pathogens. However, new alternatives and better solutions must be found since consumers and several government and non-government organizations demand non-chemical and consumer friendly products. A wide variety of prebiotics has received considerable attention in animal nutrition. Gibson & Roberfroid (1995) defined a prebiotic as a nondigestible food ingredient that beneficially affects the host by selectively stimulating the growth and activity of one or a limited number of bacteria in the gut, and thus improving host health. In animals, the most common prebiotics studied, are fructooligosaccharides (FOS), mannanoligosaccharides (MOS), and galactooligosaccharides (GOS). The beneficial effects of these prebiotics on feed efficiency and immune stimulation of these additives have been demonstrated mainly in dogs (Swanson et al., 2002) , pigs (Burkey et al., 2004) , poultry (Bozkurt et al., 2009a; and young calves (Heinrichs et al., 2003) . It is possible that, due to the fact that some prebiotics might not be degraded in the gastrointestinal tract, these functional carbohydrates could reach the large intestine intact where they could have beneficial effects.
In ruminants there is evidence that prebiotics increase the population of ciliated protozoa in the rumen (Cendrowska et al., 2006) , decrease ammonia nitrogen (NH 3 -N) concentration (Shibata, 1985; Biggs & Hancock, 1998) , increase volatile fatty acid (VFA) and microbial protein concentrations, and stabilize the rumen pH (Li et al., 2007) . However, other studies do not support these results, probably due to the fact that prebiotics are rapidly fermented by ruminal microorganisms. In fact, FOS induced lameness in dairy heifers since heifers developed classic signs of acute ruminal and systemic acidosis after an oligofructose overload Niss et al., 2009) . Also, FOS increased nitrogen (N) excretion and decreased protein digestibility, and the milk fat and protein content in dairy cows (Gressley & Armentano, 2007) . A new natural aminooligosaccharide (AOS) has been developed for animal feeding, but has not been evaluated in dairy cows. In this study the addition of AOS to dairy cow diets was investigated by measuring its influence on the in vitro dry matter disappearance (IVDMD) and in vitro fermentation of the diet, and this was followed by a study on its effect on milk production and of lactating dairy cows and the composition of the milk.
Materials and Methods
The in vitro study was performed in the Laboratory for Microbiology of Colegio de Postgraduados, Campus Montecillo in México. The trial with lactating dairy cows was carried out on a dairy farm in the State of Guanajuato (Ojo de Agua Farm), located at 1819 m above sea level, and an average annual temperature and rainfall of 19.5 °C and 360 mm, respectively. According to the manufacturer, the aminooligosaccharide product (aminoglucolite, Química Foliar, S.A. de C.V., Naucalpan, Edo. de México) contains 75% aminooligosaccharides and amino acids at concentrations of (/100 g DM): 2.11 g histidine, 0.6 g lysine, 0.34 g glutamine, 0.29 g isoleucine, 0.25 g leucine, 0.25 g methionine, 0.25 g asparagine, 0.21 g serine, 0.15 g alanine, 0.13 g glycine, 0.13 g arginine, 0.12 g phenylalanine, 0.12 g proline, 0.11 g tyrosine and 0.07 g threonine. Ruminal fluid was collected from two Holstein cows (650 kg body weight) fitted with ruminal cannulae. The cows had free access to water and received a complete diet (50% forage and 50% feed grain). Samples (200 g) of the experimental diets with 0 (control) or 0.2% AOS (Table 1) were ground through a 1 mm screen (Tomas Willey), oven-dried at 105 °C for 24 h, and sterilized (121 °C for 20 min). The concentrations of crude protein (CP; micro-Kjeldahl method), ash (AOAC, 1995) , and neutral detergent fibre (NDF) and acid detergent fibre (ADF) (Van Soest et al., 1991) in the diets were determined (Table 1 ). The experimental design constituted two treatments: A control (without AOS) and a diet containing 0.02% AOS (dry matter basis).
Two hundred milliliters of ruminal content from each cow were obtained 4 h after morning feeding and squeezed through two layers of cheesecloth into a 500 mL Erlenmeyer flask with an O 2 -free CO 2 headspace. The flask was then placed in a 39 °C waterbath and left undisturbed for 15 min, which allowed the feed particles to rise to the top of the flask. Particle-free fluid (1 mL/tube) from the flask was anaerobically transferred to glass tubes (18 x 150 mm) with butyl rubber stoppers. The tubes contained 9 mL of an anaerobic buffer (9 mL/tube; Cobos et al., 2002) and 100 mg of the diet (as DM). Twenty four roll tubes with the diet (100 mg) and ruminal fluid plus buffer (9 mL) were incubated for 24, 48 and 72 h at 39 °C. After the incubation, a 1 mL sample was collected, and serial 10-fold dilutions in an anaerobic mineral solution (Cobos et al., 2002) were prepared. The Hungate (1969) anaerobic technique was used to prepare the media and to cultivate cellulolytic bacteria in the roll-tubes (triplicate) with the complete medium described by Cobos et al. (2002) . Dilutions of 10 6 to 10 9 were used to cultivate total cellulolytic bacteria. One milliliter of diluted sample from each tube was used to inoculate 5 mL of culture media in the roll tubes. The existence of cellulolytic bacteria was assumed by the degradation of a filter paper strip (Whatman 541). For bacteria that utilize lactate, a Man-Rogosa-Sharp (MRS) culture media was used. Counts of ruminal bacteria were carried out microscopically (Olympus BX51 100x) in a counting chamber (Petroff-Hausser chamber, Partnership SQMM, Horsham, PA, USA). Thus, 1 mL of formalin (9.2%) and 1 mL of incubated fluid were mixed in roll tubes (13 x 100 mm). Using a Pasteur pipette, one drop was dropped into a chamber. Counts of 10 squares of 0.005 x 0.005 cm each were averaged. Some ruminal fluid dilutions were developed using distilled water. The equation used to quantify the total bacteria was as follow: Bacteria/mL = _ X (FD) (2 x 10 7 ), where _ X = medium and, FD = dilution factor.
Roll tubes with a butyl rubber stopper were uncapped, and pH was determined immediately in the culture fluid with a portable pH meter. For analysis of volatile fatty acids (VFA), 0.2 mL of 25% metaphosphoric acid (wt/vol) was added to 1 mL of fermentation fluid, and stored at -30 °C until analyzed. One milliliter of thawed fermentation fluid was centrifuged (10 000 g for 10 min at 4 °C), and VFA's were analyzed by gas chromatography (Erwin et al., 1961) . One milliliter of thawed sample was centrifuged (27 000 g for 20 min at 4 °C) and NH 3 -N (McCullough, 1967) concentrations were determined using a UV-VIS Spectrophotometer.
The IVDMD of the diets at 24, 48 and 72 h was estimated from the dry matter (DM) remaining in the roll tube after incubation. The non-degradable residue was collected on a pre-weighed oven-dried Whatman 541 filter by vacuum filtration. The filter and undigested residues were oven-dried at 105 °C for 24 h to remove the moisture and then weighed. The IVDMD was calculated as original dry sample weight minus dry residue weight divided by the original sample weight.
For the fermentation study, i.e. microorganism count and IVDMD, 24 roll tubes incubated for 24, 48 and 72 h were assigned to the two treatments (control and AOS). Thus, four tubes were used for each treatment at each incubation time. An All ANOVA analysis using PROC GLM of SAS V8 (The SAS Institute, Cary, N.C., USA) was used in the statistical analysis.
In the study on lactating dairy cows, 50 Holstein cows in late lactation were randomly assigned to the two experimental diets: 0 AOS (control) or 0.2% AOS (Table 1) . At the onset of the study the cows in second lactation were on average 193 ±18 days in milk (DIM), produced 25.3 ± 2.1 kg milk/d and weighed 642 ± 39.9 kg. Cows were allocated in one pen per treatment and were fed once a day. At the beginning of the trial the average milk yield was 22.8 ± 3.8 kg/d for the control and 23.1 ± 4.1 for the AOS treatment. To ensure a correct AOS level (40 g/kg), the AOS product was previously added to a mineral premix (Table 1) . The trial lasted 69 days. The cows were milked twice daily (8:00 and 16:00) and yields were recorded, South African Journal of Animal Science 2010, 40 (4) © South African Society for Animal Science Milk production by cow was averaged per week. Fat-corrected milk (FCM) and non-fat solids (SCM) were calculated as follows:
3.5% FCM = (0.4324 * lb milk) + (16216 * lbs of milk fat); SCM = milk lb * ((12.24 * fat %) + (7.10 * protein %) + (6.35 * lactose %) -0.0345)). The FCM and SCM (lbs basis) were converted to a kg basis. To approximate the normal distribution, a natural logarithmic transformation of SCC was performed. For presentation purposes, logarithmic transformation was converted to SCC after analysis. Overall milk production from a week prior to the onset of the study was included as a covariate (P >0.05) in the model. Weekly means for milk production and milk components were analyzed using the Mixed Procedure of SAS V8 (The SAS Institute, Cary, N.C., USA). The model included the effects of treatments (1 df) and time (weekly, 8 df). A cow was considered as a random component in the model. The repeated measure was analyzed within cow. The covariate structure that resulted in the lowest Akaike's information criterion was the first-order autoregression (The SAS Institute, Cary, N.C., USA).
Results and Discussion
The chemical composition of experimental diets was similar (Table 1) . During all three incubation periods the IVDMD of the diet containing AOS was higher (P <0.05) than that of the control diet. The AOS induced a lower number of bacteria that produce lactate, but higher numbers of cellulolytic bacteria than the control. The total number of bacteria was also higher in the AOS treatment than in the control ( Table 2) . The improved IVDMD due to OAS could be attributed to the increase in desirable bacteria such as cellulolytic bacteria, and the inhibitory effects on undesirable bacteria such as those that produce lactate. Although the mechanism(s) by which AOS stimulates or inhibits bacterial growth is uncertain, scientific evidence suggests that these prebiotics reduce the growth of pathogenic bacteria such as Enterobacterium and Clostridium, and increase the growth of the beneficial Bifidobacterium in the gut of monogastric animals (Hussein et al., 1999; Buddington et al., 2002) . After 24 and 48 h of incubation, pH values were higher (P <0.01) in the OAS treatment than in the control. At 24 h incubation, AOS also increased total VFA concentration and the molar proportion of butyrate, and reduced the molar proportion of propionate as compared to the control. Similar results were found under in vitro conditions by Ling et al. (2007) and Öztürk (2009) who indicated that functional oligosaccharides increase total VFA under in vitro conditions. The concentrations of NH 3 -N, the molar proportion of acetate and the acetate : propionate ratio were not modified by OAS at any time of incubation. Also, at 24 and 48 h incubation, OAS did not affect total VFA concentration or molar proportions of propionate and butyrate. The increased pH induced by OAS could be a result of the inhibition of the number of lactate producing bacteria. We expected that OAS would decrease to NH 3 -N concentrations, as observed for MOS and FOS (Ling et al., 2007; Öztürk, 2009 ), but our results did not confirm that.
In the study with the lactating cows no interaction was recorded between time and treatments. Therefore, only overall production responses and milk composition are presented in Table 3 . Daily DMI for the group receiving AOS (20.7 kg DM) was very similar to that of the control (21.3 kg DM). Cows receiving OAS produced more (P <0.05) milk than cows in the control. Since OAS tended (P = 0.10) to decrease the percentage of fat in milk, the FCM and SCM levels in the milk were similar for the two treatments. The decreased milk fat percentage caused by AOS could be due to a decrease in ruminal pH, since Mwenya et al. (2005) reported that supplementation of functional oligosaccharides to Holstein cows may reduce the ruminal pH. Furthermore, Gressley & Armentano (2007) observed that abomasal infusions of FOS as inulin seemed to elicit a decrease in milk fat apparently due to a decrease in the secretion of 18-carbon fatty acids. Milk components, expressed as % or kg/d were not affected by AOS. The MUN concentration of cows fed AOS was lower than that of cows not supplemented. Reductions in MUN attributable to functional oligosaccharides were confirmed by Gressley & Armentano (2007) . The reduction of MUN by AOS could be due to a better efficiency of N utilization (Nousiainen et al., 2004) or to a reduced digestibility of the diet (Gressley & Armentano, 2007) . The SCC in the milk of cows in both treatments was similar.
Conclusions
Aminooligosaccharides could be of great value in increasing microbial growth and creating and maintaining a desired, stable microflora in the rumen. Because DMI in late lactation cows versus early lactations differs substantially, additional work is needed to clarify the differences in response to aminooligosaccharide addition in the diets of early lactation cows.
